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(57) ABSTRACT

A dual-chip light splitting and light combining module is
provided, which comprises a light splitting prism, a first mir-
ror, a first polarizing TIR prism, a first displaying chip, a
second mirror, a second TIR prism, a second displaying chip
and a light combining prism. The dual-chip light splitting and
light combining module is adapted to split an incident non-
polarized light into a first polarized light and a second polar-
ized light and combine the first polarized light and the second
polarized light together. Also, a 3D projection optical system
comprising the dual-chip light splitting and light combining
module is provided.

13 Claims, 8 Drawing Sheets
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1
3D PROJECTION OPTICAL SYSTEM AND
DUAL-CHIP LIGHT SPLITTING AND LIGHT
COMBINING MODULE THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

The present applicationis a35 U.S.C. §371 National Phase
conversion of International (PCT) Patent Application No.
PCT/CN2011/084786, filed on Dec. 28, 2011, the disclosure
of' which is incorporated by reference herein. The PCT Inter-
national Patent Application was filed and published in Chi-
nese.

FIELD OF THE INVENTION

The present disclosure generally relates to projection
instruments, and more particularly, to a three-dimensional
(3D) projection optical system and a dual-chip light splitting
and light combining module thereof.

BACKGROUND OF THE INVENTION

Currently, the prevailing 3D projection optical systems
commercially used are active stereoscopic displaying sys-
tems. In an active stereoscopic displaying system, a projector
having a refreshing frequency of about 120 Hz is used to
output a left-eye frame and a right-eye frame alternately and,
meanwhile, a pair of LCD stereoscopic eyeglasses switched
on alternately is used for synchronous switching so that sepa-
ration of the left-eye frame and the right-eye frame from each
other is achieved. This delivers a good stereoscopic effect.
However, the active stereoscopic eyeglasses have a relatively
high cost, frequent switching of the stereoscopic eyeglasses
makes the eyes uncomfortable, and propagation of light
through the LCD stereoscopic eyeglasses leads to significant
loss in brightness. Furthermore, in order to achieve the 3D
function, the refreshing frequency of the microelectrome-
chanical system (MEMS) mirror chip must be atleast 120 Hz,
which represents a high requirement on the refreshing fre-
quency of the chip.

SUMMARY OF THE INVENTION

To solve the aforesaid problems, the present disclosure
provides a three-dimensional (3D) projection optical system
and a dual-chip light splitting and light combining module
thereof.

The present disclosure provides a dual-chip light splitting
and light combining module, comprising a polarizing light
splitting prism, a first mirror, a first polarizing total internal
reflection (TIR) prism, a first displaying chip, a second mir-
ror, a second polarizing TIR prism, a second displaying chip
and a light combining prism. The polarizing light splitting
prism is adapted to split an incident non-polarized light into a
first polarized light and a second polarized light perpendicu-
lar to each other. The first polarized light is reflected by the
first mirror to the first polarizing TIR prism, reflected by the
first TIR prism to the first displaying chip, redirected by the
first displaying chip to the first polarizing TIR prism, and then
transmitted into the light combining prism via the first polar-
izing TIR prism. The second polarized light is reflected by the
second mirror to the second polarizing TIR prism, reflected
by the second TIR prism to the second displaying chip, redi-
rected by the second displaying chip to the second polarizing
TIR prism, and then transmitted into the light combining
prism via the second polarizing TIR prism. The light combin-
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ing prism is adapted to combine the incident first polarized
light with the incident second polarized light.

According to a preferred embodiment of the present dis-
closure, the first displaying chip is one of a microelectrome-
chanical system (MEMS) mirror or a digital mirror device
(DMD); and the second displaying chip is one of an MEMS
mirror or a DMD.

According to a preferred embodiment of the present dis-
closure, the first displaying chip and the second displaying
chip have a refreshing frequency of 60 Hz.

The present disclosure also provides a dual-chip light split-
ting and light combining module, which comprises a light
splitting prism, a first mirror, a first polarizing TIR prism, a
first displaying chip, a second mirror, a second polarizing TIR
prism, a second displaying chip and a light combining prism.
The light splitting prism is adapted to split an incident non-
polarized light into a first polarized light and a second polar-
ized light. The first polarized light is reflected by the first
mirror to the first polarizing TIR prism, reflected by the first
TIR prism to the first displaying chip, redirected by the first
displaying chip to the first polarizing TIR prism, and then
transmitted into the light combining prism via the first polar-
izing TIR prism. The second polarized light is reflected by the
second mirror to the second polarizing TIR prism, reflected
by the second TIR prism to the second displaying chip, redi-
rected by the second displaying chip to the second polarizing
TIR prism, and then transmitted into the light combining
prism via the second polarizing TIR prism. The light combin-
ing prism is adapted to combine the incident first polarized
light with the incident second polarized light.

According to a preferred embodiment of the present dis-
closure, the light splitting prism is a polarizing light splitting
prism.

According to a preferred embodiment of the present dis-
closure, the light splitting prism is adapted to split the incident
non-polarized light into the first polarized light and the sec-
ond polarized light perpendicular to each other.

According to a preferred embodiment of the present dis-
closure, the first displaying chip is one of an MEMS mirror or
a DMD; and the second displaying chip is one of an MEMS
mirror or a DMD.

According to a preferred embodiment of the present dis-
closure, the first displaying chip and the second displaying
chip have a refreshing frequency of 60 Hz.

The present disclosure further provides a three-dimen-
sional (3D) projection optical system, which comprises a
light source shaping lens, a dual-chip light splitting and light
combining module, and an imaging lens. The dual-chip light
splitting and light combining module comprises a light split-
ting prism, a first mirror, a first polarizing TIR prism, a first
displaying chip, a second mirror, a second polarizing TIR
prism, a second displaying chip and a light combining prism.
The light splitting prism is adapted to split a non-polarized
light incident from the light source shaping lens into a first
polarized light and a second polarized light. The first polar-
ized light is reflected by the first mirror to the first polarizing
TIR prism, reflected by the first TIR prism to the first display-
ing chip, redirected by the first displaying chip to the first
polarizing TIR prism, and then transmitted into the light
combining prism via the first polarizing TIR prism. The sec-
ond polarized light is reflected by the second mirror to the
second polarizing TIR prism, reflected by the second TIR
prism to the second displaying chip, redirected by the second
displaying chip to the second polarizing TIR prism, and then
transmitted into the light combining prism via the second
polarizing TIR prism. The light combining prism is adapted
to combine the incident first polarized light with the incident
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second polarized light and transfer the combined light to the
imaging lens. The imaging lens is adapted to correct and
amplify the combined light transferred by the dual-chip light
splitting and light combining module and project the light
outwards.

According to a preferred embodiment of the present dis-
closure, the light splitting prism is a polarizing light splitting
prism.

According to a preferred embodiment of the present dis-
closure, the light splitting prism is adapted to split the incident
non-polarized light into the first polarized light and the sec-
ond polarized light perpendicular to each other.

According to a preferred embodiment of the present dis-
closure, the first displaying chip is one of an MEMS mirror or
a DMD; and the second displaying chip is one of an MEMS
mirror or a DMD.

According to a preferred embodiment of the present dis-
closure, the first displaying chip and the second displaying
chip have a refreshing frequency of 60 Hz.

As compared to the prior art, the present disclosure has the
following benefits: the 3D projection optical system of the
present disclosure adopts a dual-chip structure. When an
MEMS mirror dual-chip structure is adopted, the 3D function
can be achieved at a refreshing frequency of above 60 Hz.
This greatly eases the requirements of the 3D function on the
refreshing frequency of the displaying chip and, meanwhile,
improves the light utilization factor. Moreover, because a
same lens is used for the projection optical lens and the light
source lens, calibration becomes convenient and the structure
becomes simple.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural view of a dual-chip light
splitting and light combining module according to an
embodiment of the present disclosure;

FIG. 2 is a schematic structural view of the dual-chip light
splitting and light combining module of FIG. 1 from another
viewing angle;

FIG. 2A illustrates optical principals of the dual-chip light
splitting and light combining module according to the
embodiment of the present disclosure;

FIG. 3 illustrates optical principals of the dual-chip light
splitting and light combining module according to the
embodiment of the present disclosure;

FIG. 3A illustrates optical principals of the dual-chip light
splitting and light combining module according to the
embodiment of the present disclosure;

FIG. 4 is a schematic structural plan view of a 3D projec-
tion optical system according to an embodiment of the
present disclosure;

FIG. 5 is a schematic exploded perspective view illustrat-
ing a structure of the 3D projection optical system according
to the embodiment of the present disclosure; and

FIG. 6 is a schematic exploded perspective view illustrat-
ing a structure of the 3D projection optical system of FIG. §
from another viewing angle.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a schematic structural view of a dual-chip light
splitting and light combining module according to an
embodiment of the present disclosure. FIG. 2 is a schematic
structural view of the dual-chip light splitting and light com-
bining module of FIG. 1 from another viewing angle. As
shown in FIG. 1 and FIG. 2, an embodiment of the present
disclosure provides a dual-chip light splitting and light com-
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bining module 100. The dual-chip light splitting and light
combining module 100 comprises a light splitting prism 10, a
first mirror 21, a first polarizing total internal reflection (TIR)
prism 22, a first displaying chip 23, a second mirror 31, a
second polarizing TIR 32, a second displaying chip 33 and a
light combining prism 40.

FIG. 2A illustrates optical principals of the dual-chip light
splitting and light combining module 100 according to the
embodiment of the present disclosure. As shown in FIG.2A,
the light splitting prism 10 is adapted to split the incident light
into a first polarized light and a second polarized light. In this
embodiment, the light splitting prism 10 is a polarizing light
splitting prism. In this embodiment, a natural light that has
been shaped propagates into the light splitting prism 10 and is
split by the light splitting prism 10 into a first polarized light
P and a second polarized light S perpendicular to each other.

FIG. 3 illustrates optical principals of the dual-chip light
splitting and light combining module 100 according to the
embodiment of the present disclosure. As shown in FIG. 3, the
first polarized light P propagates through the light splitting
prism 10 to the first mirror 21 and is reflected by the first
mirror 21 into the first polarizing TIR prism 22. The first
polarized light P that satisfies the total reflection conditions is
totally reflected by the first polarizing TIR prism 22 to the first
displaying chip 23. Then, the first polarized light P is redi-
rected by the first displaying chip 23 to the first polarizing TIR
prism 22, and the first polarized light P that satisfies the total
transmission conditions totally transmits through the first
polarizing TIR prism 22 to the combining prism 40.

As shown in FIG. 2A, after being split by the light splitting
prism 10, the second polarized light S is reflected at a reflec-
tion angle of 45°, and exits at an angle of 90°relative to the
first polarized light P. FIG. 3A illustrates optical principals of
the dual-chip light splitting and light combining module 100
according to the embodiment of the present disclosure. As
shown in FIG.3 A the second polarized light S propagates to
the second mirror 31 and is reflected by the second mirror 31
into the second polarizing TIR prism 32. The second polar-
ized light S that satisfies the TIR conditions is totally reflected
by the second polarizing TIR prism 32 to the second display-
ing chip 33. Then, the second polarized light S is redirected by
the second displaying chip 33 into the second polarizing TIR
prism 32, and the second polarized light S satisfying the total
transmission conditions totally transmits through the second
polarizing TIR prism 32 into the combining prism 40.

The combining prism 40 combines the incident first polar-
ized light P with the incident second polarized light S.

In this embodiment, the first displaying chip 23 may be one
of'an MEMS mirror and a DMD. The second displaying chip
33 may also be one of an MEMS mirror and a DMD. When an
MEMS mirror dual-chip structure is adopted, the 3D function
can be achieved when a refreshing frequency of the first
displaying chip and the second displaying chip is above 60
Hz, and this greatly eases the requirements of the 3D function
on the refreshing frequency of the chips.

Another embodiment of the present disclosure further pro-
vides a 3D projection optical system comprising the dual-
chip light splitting and light combining module 100 described
in the previous embodiment. FIG. 4 is a schematic structural
plan view of a 3D projection optical system according to an
embodiment of the present disclosure. FIG. 5 is a schematic
exploded perspective view illustrating a structure of the 3D
projection optical system according to the embodiment of the
present disclosure. FIG. 6 is a schematic exploded perspec-
tive view illustrating a structure of the 3D projection optical
system of FIG. 5 from another viewing angle. As shown in
FIG. 4, FIG. 5 and FIG. 6, the 3D projection optical system
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comprises a light source shaping lens 200, a dual-chip light
splitting and light combining module 100 and an imaging
module 300.

The structure and operation principles of the dual-chip
light splitting and light combining module 100 are just as
described in the previous embodiment and, thus, will not be
further described herein.

In this embodiment, the dual-chip light splitting and light
combining module 100 splits a non-polarized light incident
from the light source shaping lens 200 into a first polarized
light P and a second polarized light S and combines the first
polarized light P and the second polarized light S into the
imaging lens 300. Then, the imaging lens 300 corrects and
amplifies the combined light for projection to a metal screen.

Because, from the first polarized light P and the second
polarized light S, two different frames can be imaged on the
metal screen by the first displaying chip 23 and the second
displaying chip 33 different from each other, and the two
different frames can be distinguished by the left-eye and the
right-eye eyeglasses, different chips can be used in the 3D
projection optical system of the present disclosure to control
the left-eye and the right-eye eyeglasses to obtain a 3D image
easily. Meanwhile, the 3D projection optical system of the
present disclosure can also provide a high-brightness two-
dimensional (2D) image by superimposing two identical
frames.

As compared to the prior art, the present disclosure has the
following benefits: the 3D projection optical system of the
present disclosure adopts a dual-chip structure. When an
MEMS mirror dual-chip structure is adopted, the 3D function
can be achieved at a refreshing frequency of above 60 Hz.
This greatly eases the requirements of the 3D function on the
refreshing frequency of the displaying chip and, meanwhile,
improves the light utilization factor. Moreover, because a
same lens is used for the projection optical lens and the light
source lens, calibration becomes convenient and the structure
becomes simple.

What described above are only the embodiments of the
present disclosure, but are not intended to limit the scope of
the present disclosure. Any equivalent structures or equiva-
lent process flow modifications that are made according to the
specification and the attached drawings of the present disclo-
sure, or any direct or indirect applications of the present
disclosure in other related technical fields shall all be covered
within the scope of the present disclosure.

What is claimed is:

1. A dual-chip light splitting and light combining module,
comprising a polarizing light splitting prism, a first mirror, a
first polarizing total internal reflection (TIR) prism, a first
displaying chip, a second mirror, a second polarizing TIR
prism, a second displaying chip and a light combining prism,
the polarizing light splitting prism being adapted to split an
incident non-polarized light into a first polarized light and a
second polarized light perpendicular to each other, wherein:

the first polarized light is reflected by the first mirror to the

first polarizing TIR prism, reflected by the first TIR
prism to the first displaying chip, redirected by the first
displaying chip to the first polarizing TIR prism, and
then transmitted into the light combining prism via the
first polarizing TIR prism;

the second polarized light is reflected by the second mirror

to the second polarizing TIR prism, reflected by the
second TIR prism to the second displaying chip, redi-
rected by the second displaying chip to the second polar-
izing TIR prism, and then transmitted into the light com-
bining prism via the second polarizing TIR prism; and
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the light combining prism is adapted to combine the inci-
dent first polarized light with the incident second polar-
ized light.
2. The dual-chip light splitting and light combining module
of claim 1, wherein:
the first displaying chip is one of a microelectromechanical
system (MEMS) mirror or a digital mirror device
(DMD); and

the second displaying chip is one of an MEMS miirror or a
DMD.
3. The dual-chip light splitting and light combining module
of claim 1, wherein the first displaying chip and the second
displaying chip have a refreshing frequency of 60 Hz.
4. A dual-chip light splitting and light combining module,
comprising a light splitting prism, a first mirror, a first polar-
izing total internal reflection (TIR) prism, a first displaying
chip, a second mirror, a second polarizing TIR prism, a sec-
ond displaying chip and a light combining prism, the light
splitting prism being adapted to split an incident non-polar-
ized light into a first polarized light and a second polarized
light, wherein:
the first polarized light is reflected by the first mirror to the
first polarizing TIR prism, reflected by the first TIR
prism to the first displaying chip, redirected by the first
displaying chip to the first polarizing TIR prism, and
then transmitted into the light combining prism via the
first polarizing TIR prism;
the second polarized light is reflected by the second mirror
to the second polarizing TIR prism, reflected by the
second TIR prism to the second displaying chip, redi-
rected by the second displaying chip to the second polar-
izing TIR prism, and then transmitted into the light com-
bining prism via the second polarizing TIR prism; and

the light combining prism is adapted to combine the inci-
dent first polarized light with the incident second polar-
ized light.
5. The dual-chip light splitting and light combining module
of claim 4, wherein the light splitting prism is a polarizing
light splitting prism.
6. The dual-chip light splitting and light combining module
of claim 4, wherein the light splitting prism is adapted to split
the incident non-polarized light into the first polarized light
and the second polarized light perpendicular to each other.
7. The dual-chip light splitting and light combining module
of claim 4, wherein:
the first displaying chip is one of a microelectromechanical
system (MEMS) mirror or a digital mirror device
(DMD); and

the second displaying chip is one of an MEMS miirror or a
DMD.

8. The dual-chip light splitting and light combining module
of claim 4, wherein the first displaying chip and the second
displaying chip have a refreshing frequency of 60 Hz.

9. A three-dimensional (3D) projection optical system,
comprising a light source shaping lens, a dual-chip light
splitting and light combining module, and an imaging lens,
wherein:

the dual-chip light splitting and light combining module

comprises a light splitting prism, a first mirror, a first
polarizing total internal reflection (TIR) prism, a first
displaying chip, a second mirror, a second polarizing
TIR prism, a second displaying chip and a light combin-
ing prism, the light splitting prism being adapted to split
a non-polarized light incident from the light source
shaping lens into a first polarized light and a second
polarized light, wherein:
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the first polarized light is reflected by the first mirror to the
first polarizing TIR prism, reflected by the first TIR
prism to the first displaying chip, redirected by the first
displaying chip to the first polarizing TIR prism, and
then transmitted into the light combining prism via the
first polarizing TIR prism;

the second polarized light is reflected by the second mirror
to the second polarizing TIR prism, reflected by the
second TIR prism to the second displaying chip, redi-
rected by the second displaying chip to the second polar-
izing TIR prism, and then transmitted into the light com-
bining prism via the second polarizing TIR prism; and

the light combining prism is adapted to combine the inci-
dent first polarized light with the incident second polar-
ized light and transfer the combined light to the imaging
lens; and

the imaging lens is adapted to correct and amplify the
combined light transferred by the dual-chip light split-
ting and light combining module and project the light
outwards.
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10. The 3D projection optical system of claim 9, wherein
the light splitting prism is a polarizing light splitting prism.

11. The 3D projection optical system of claim 9, wherein
the light splitting prism is adapted to split the incident non-
polarized light into the first polarized light and the second
polarized light perpendicular to each other.

12. The 3D projection optical system of claim 9, wherein:

the first displaying chip is one of a microelectromechanical
system (MEMS) mirror or a digital mirror device
(DMD); and

the second displaying chip is one of an MEMS miirror or a
DMD.

13. The 3D projection optical system of claim 9, wherein
the first displaying chip and the second displaying chip have
a refreshing frequency of 60 Hz.
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